


































































































Controlling Glycol
in Runoff

Denise L. Nao
Associate Edi

The chemical glycol tums from an aircrart ce-icing agent into a critical contaminant when it
reaches the ground and mixes with storm water runoff. With high levels of BOD, glycol has gi
rise to regulations requiring control measures at airports. The result is an increasing number

technologies to control, collect and recover it.

lycol, a liquid chemical thar forms the basis of sub-

stances for de-icing and and-icing airplanes. plays

an imporant role in flight safety. Left unchecked,

" however, giycol represents an environmental hazard. Mixing with
storm water runoff from airports, glycol can end up in sur-
rounding waterways. With an extremely high biochemical oxygen

De-icing and Anti-lcing Substances
Subsunces for da-icing (removal of contaminants from surfx
areas) and and-icing (protection from accumularion of contan
nants) come in the form of both fuids and solids. Solid de-icer
including potassium acetate, magnesium acemte, calcium ace
and urea, are used to de-ice airport runways. The fuid form

LT

which are used to de-ice and anti-ice the airer
| include ethylene glycol and propviene giveol. Ett
yleae glycol de-icers are the more tradition:
chaice, bur use today tends more toward propy
§ lene glycol because it's less toxic, according ¢
Parrick Sullivan, general manager of Michiga:
Recovery, a chemical recycling facility in Romu
lus, ML Propylene is also more costly
Glycol serves to depress the freezing point
therefors, the percentage of giveol used depend:
on the outdoor temperamre, The different types
of fluids have various holdover times and are
used for de-icing, anti-icing or 2 combinarion of
both, The holdover ime is the amount of time the
residual fluid will protect the aireraft. A Type
fluid, a thin film consisting of glycol or 2 glycal-
water mix, is generally used for de-icngandasa
short-term ant-icer. Holdover dme is only six to
15 minutes in light snow. Thickeners are added
to Type II fluids, which, depending on the con-
8 cenraton of glycol, can be used as both de-icers.
and anti-icers. Glycol used in 2 50/50 mix is a de-
jcer; in its concantrated form, it's used as an ant-

demand (BOD), the presence of glvcol creates a huzard t0
marine life. [t also creates an odor prablem. for us it decom-
pases, it gives off 2 noticeable, foul odor. These impacts have
generated regulatory actvity and permitting issues. forcing uir-
ports o formulate control measures—a demand that spuwned
the development of a variety of collection, reprocessing and
recovery technologies.

About ! 1.5 million gallons of glycol are used in de-icing appii-
cations each year, according to 2 1992 survey of 96 dirports by
the Federal Aviation Administration (FAA). The volume ranges
from just several gallons at small airports, 1o 780.000 gallons a
the Detrnit Merropalitan Airport Anywhere from 1,000 0 4,000
gallons are used to de-ice and and-ice one large aircraft
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icee Holdover time can be 45 minutes or more
in a light snow condition. Both types have rust
inhibitors, corrosion inhibitors and surfacrants.

Tvpe (U Quids are used for and-icing, specifically for lower rota-
tion speed aircraft, such as commuter zirplanes. The thickeners
brek down due to the velocity; Type II fuids differ from Type I
in that the velocity is set at a lower sheer point for Type [IL Type [V
is essentially an enhancament of Type I, with a longer holdover
dme. of 30 to 70 minutes in light snow.

High Volume, High BOD, High Risk
According to the FAX's 1992 study, 50 percent of Type [ de-
icing Auid that is sprayed onto the aircraft flls onto the ground,
and 735 percent of spent de-icing substances end up in stotm
sewers. These Ggures, coupled with glycol's high BOD, add up 0
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serious environmentl hazards, Ethylene ghycol, 1
hazardous substance per the Clean Air Act of
1990, has 80D coacentrations from 400,000 to
800,000 mg/L and propylene glycol up to
1,000.000 mg/L, according to EPA. An acute toxi-
city of ethylene is 10,000 mg/L. Such high BOD
levels in storm water runoff from airports create
hazards for aquatic life in receiving waters. These
environmental hazards come with 1 monetary
price s well. One costy cleanup was required at
Griffen Air Force Base in New York, uccording to
Dan Hartis, producr manager with Yactor Manu-
facruring Inc., an equipment manufacrurer in the
sewer cleaning industry. “At Griffen Air Force
Base, the Air Force had to pay $8.2 million to
clean up the glycol mess—that wasn't a fine, it
" was the cost of the clean up,” Harris says.

Permitting Programs

In 1990, EPA initiated the Nadonal Pollutant Dis-
charge Elimination System (NPDES) storm water
permitring program (o address runoff from indus-
tries incuding air wanspormuion. EPA has issued
generaf permits which establish guidelines for regu-
laring industrial storm water discharges, including
those from airports. Affected industries have three
permitting opdons—Individual Permit, Baseline
Permir and Multi-Sector Permit. The Multi-Sector
Permit (60 FR.50804), in effect in 11 states as of
19953, requires airports to develop a storm water
pollution prevendon plan to minimize the discharge
of de-icing pollutanrs during de-icing acrivites.

If an airport undar the Multi-Sector permit uses
more than 100.000 gailons of concentrated giycol
per vear, it must also monitor its storm water dis-
charge. The permit also includes monitoring targers
for: BOD, 30 my/1: COD, 120 mg/L; ammonia, 19
-mg/L: and pH, berween 6 and 9 standard units. If
the airport meets these performance targess after
the second vear, “they don't have to do any more
moniwring for the life of the permit,” says Bill Swi-
etlik. manager of the storm water permiging pro-
gr:.'m at EPA’'s Office of Wastewater Management.

“Presumptvely, they are discharging low zmounts
and are not an environmental risk.”

Swiedik also emphasizes thar these are monitor-
ing and performance targers, not discharge Umits.
According to Swiedik, the airports conduct monitor-
ing in thesecond vexr of the permit. “The reasoning
is that in the first vear, they will be seqing up their
storm water controls. Monitoring the second year
provides an opporturiity to assess how well the con-
trols are worlang. " The airparts monitor on a quar-
terly basis. They assess their datg in vear three and
reassess their controls if ubove the trgets. In year
four comes unother round of monitoring; if num-
bers are stll bove the trgets, the airport must fur-
ther reassess their control meusures.

Exploring Control Methods
These control measures can be us basic as
product substituton——subsututing more propylene

glveol for ethylene glycol, which is the more toxic
of the two. Another option, especially for smaller
airports oc those in warmer locales that use mini-
mal volumes of glycol. is to pipe the storm water-
glvcol mix off directly to wastewater reatment
plants. Even with larger volumes. some airports
collect, store, then release it to the treatment
plants. Pinshurgh Internationad Airport has collec-

pipe system pumps the collected fuid inw 2 regy
ding facility. The Salt Luake Gry airport is current
constructing a $20 million remote pad und coller
ton system. Concerns about this method includ;
additional fluid and dust entering the collectiog |
system, such us rain and jet fuel, maldng process.
ing and recycling more costly. {n 1ddition, each |
gate or point of de-icing would need one; de-idng

Giyeal collscion trocks serva 25 cag maasare to cantrol glycol 2t airports. After an aircraft has boen de-iced, the ok,
vacyums the fluid into a debris chamber through 2n eight-foot wide rear pick-up head, [Photn courtesy Vactor Mane-

facturing inc.)

tion ponds covered with 1 rubber coaring, accord-
ing to Ron Thomas, frst officer with US Airways.
The conwminment centers store ir and release it in
coarrolled amounts, letting it trickle out to the
wastewater treament plants.” says Thomas. For
some airports, this is a direct response to refusals
by some municipalities to take airport discharge
because of glycol's high BOD concenmraton. “Some
municipalities are refusing to handle discharge
from airports, or they will only handle storm water
with glycol of a certain parts per million (ppm)
limit." says Michigan Recovery’s Sullivan. Airports
can circumvent that bv metering the contaminated
material then mixing it with enough storm water ©
lower the BOD concenmradon.

Conuinment structures are used for not only
storing but treating the glvcol runoff as well. Air-
ports with a considerable amount of open space
can construct large storm water retention basins

-with companion convevance svstems. compased of

gurters and ditches, that tansport the givcol and

melting snow und stormwater runoff into the

basins. Dulles International Airport in Washington
D.C. is building such a svstemn. The giycol is treated
in the basins themselves via natwral, microbial
actvity. After several days in the basins, the contents
are released 1o waterways.

A conrrol measure thar is considered to be pol-
lution prevention is the use of de-icing pads or cen-
tralized de-icing locatians. These structures allow
airports to collect the glveol discharges so they
don't end up in local receiving water and storm
water runoff systems. The recently constructed
Denver uirport, for example, has three main de-
icing pads complete with cecycling systems. The
pud is surrounded by storm sewer inlets, and 2

pads that are used by many airlines can create g
bonleneck effect and affect deparmure dmes.

Another increasingly common nd less capital
intensive control measure is the use of temporary
absorbent booms to contain de-icing compounds
on the pavement. After the aircraft leaves the
makeshift de-icing pad, 2 vacuum truck is used to
pick up the excess giycol on the mrmac. The wucks
follow the airline de-icers, collect the fluid and
pump it into a wnker ruck.

Glycol collection trucks &rom Streator. [L-based
Vactor Manufacturing, for example, are oudirted’
with 1 bar thar sprays an emulsifving 2gent from a
heated tank onto the pavement. The emulsifying
agent breaks the cohesion between the giycol and
the pavement, allowing the system 0 vacuum the
fluids into the debris chamber through the eight-
foot wide rear pick-up head. A 20.000 cfm biower
delivers a recovery velocity of 20.000 feet per
minute at the nozzle. The change in air pressure
uand density in the debris chamber ciuses most of
the fluid to separate from the air stream und fail to
the flooc. In case some fluid remains, the 2ir is
routed through two cyclonic separators on top of
the truck. The air is spun as it enters the larger
chambers, and the fluids are spun out of the air
stream and deposited in side tanks on the ruck.
The glvcol-free air is then routed to the fan and.
exhausted back to the ammosphere.

Measures Under Developmemnt

Aside from the more common control mea-
sures currently being used, there are aiso experi-
mental methods under development. One such
measure is 4 double-gantry spray system, con-
strutted with 1 gantry, or bridgelike frame, on either
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side of a taxiway or aedr a runway. The gantries
serve to support high and low pressure nozzles that
are also built into trenches undermeuth the frames.
Afer the plane is parked under the frame, the noz-
zles blast heated 1ir 2t 40 to 500 pounds per square
inch. A small volume of water and glycol may be
added to the air strexm (o remove a dense buildup
of snow and ice. Gurters collect the runoff and

pump it into a central collecton vessel for wreament,

ou site or relesse (o 1 wustewater treatment plant.
This type of system collects zbout 90 percent of the
dripping glycal and costs about 35 to S10 million to
install. And because the system zpplies the treat-
ment close to the departure runway, it can extend
an aireraft’s hoidover dme. '
Other developmental technologies include
infrared heating, hot water pretreatment and hot
air pretrearment. Using the infrared heating
method, a0 aireraft packs underneath a roof-like
swucture a0d special hearing devices heat the water
on the surface of the plane. As soon as the water is
out of the hear's line of sight. however, the heating
energy is lost. If the temperamure is below freezing,
the plane’s surface will freeze once again. This
method generally is not effective with snow. Since
snow has a different structure, it tends to diffuse
and reflect the energy, rather than absorb it.
Hot air preceamment has been used successfully

in the military, according to US Airways’ Thomas.
One limitation is that it works better when It's
colder. “There's not as much adhesion. Since there

is not as much water content int the snow, it tends 1o -

blow easier.” Thomas says. An outgrowth of hot air
pretreuument is u hybrid forced air glycol device.
This method combines the pressure from the air
and the substance from the fluid, using much less
fluid and overcoming the Uimitation of air used
alone. Hot water pretreamnent s used as 2 first step
in 2 series of de-icing and/or ant-icing measures.
This method can be used as a de-icer down to 27
degrees, as long as an and-icer will be applied.

Processing and Recycling
Beyond control measures, processing and recy-
cling options can mitigate the environmental
impacts of glycol. While it cannot be reprocessed
back into glycol for de-icing ageants, it can be
nurned into maerials for use in other manufacrur-
ing applications. “One problem with recycling the
glycol back into glycol is that the finids are mixed,”
says Thomas. “Once Type [ and Type II fuids are
mixed, you have 10 make sure the packages from
each, which include corrosion inhibitors and sur-
factants. doa't interfere with each other. There are
a [ot of things thar have to be balanced.” The liabil-
ity issue. however. is at the heast of the maner “It
would only take one catstrophe, and you would

lose any savings on the recycling,” Thomas says.

Call 800-452-.5272

T INSTANT DATA.
JUST ADD WATER.

Wich the Scevens AxSys™ MPU as the core instrument, add other
equipment to create a custom system.

) The SDI Depth Sensor monitors water level and
— temperacure, using the SDI-1 2 intarfaca.

An Epic Sampler added to your AxSys™ system will allow
auto-sampling by flow or water quality.

Add 3 Scevens Rain Gage.
and create 3 stormwater systam.

5[2[3

NOW AN ISO 9001 CERTIFIED COMPANY
CIRCLE 236 ON CARD FOR FREE INFO.
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Michigan Recovery recyces ghycol from 2 aicpe |
into products that are resold as substitutes fors
gin glycol in manufacmring applications, such |
the paint and coatings industry, as 1 caw matay |
for resin manufacruring and as a coolant for; |
automotive industry. The material it markess is |
percent glycol. The drive to recycle, according |
Sullivan, is caused primarily by the BOD and od. |
problem, but aiso by “the loss of value of the flui |
Airlines pay more than $5 per gallon for the giye. |
de-icers. Recycling not only prevents glycol fro;
polluting waterways, but it also saves on the pamr
resources to make the fuid.”

The technologies involved in the recover
procass inciude flraion and the use of mesmbrane
to separate water from the giycol. The wo trouble
some areas in the process are separating wate:
from glycol and separating the non-glycol additive:
{surfaczants and corrusion inhibitors) from the de-
icing fluid. At Michigan Recovery, the processing
steps include fltradon, chemical treament o pre-
cipitate some of the additives and vacuum distila-
tion to separate the water from the fuid and to
distll the fluid itself. Michigan Recovery operates
only one glycol recovery facility, but its parent com-
pany, EQ-The Environmental Quality Co., has 2 con-
tract to design a glycol collecrion and recyeling
system at the Salt Lake City Internazional Airport.

The cost involved in the recovery process
depends on the end product, says Sullivaa. For
example, andfreeze (about 50 percent glycol, 50
percent water) conwmins more water than other giy-
col product, and water removal is time consuming.
Tight quality control requirements also have to be
met. Material intended for the resin indusay, for
instance, “has to be white and clear, and only con-
t2in less than one percent water,” he savs.

The biggest cost is the energy cost to boil the
water, according to Sullivan. Michigan Recovery is
currendy using systems that make the process
more efficient, such 25 recompressive technologies
(recompression of vapors) and high vacuum for
the distillation, but the facility continues to seek
technologies to further reduce costs.

Resutits of Control Efforts

EPA will smdy the resuits of control efforrs at 2ir-
ports and the permitting program beginning in
1998. With storm water permifting programs just
recendy put in place, it will be two to three years
before EPA can fully assess the results, according to
Swietlile. EPA's study of storm water runoff at air-
ports will look at: 1) effectiveness of control mea-
sures; 2) need for guidelines; 3) alternative
de-icing controls; 4) numeric performance stan-
dards; 5) cost of controls; 6) starus and trends of

de-icing discharges.

For more information, contact Denise Noble.
Enviranmental Technology, (770) 937-0222. °
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C. E. ROGERS COMPANY
MVR PILOT EVAPORATOR DESCRIPTION

The Need:
Every year, C.E. ROGERS Company receives many inquires about treating wastewater

As wastewater discharge regulations become more restrictive and costly, many companies are
looking for new ways to clean up their wastewater. C.E. ROGERS Company believes that there
are many applications (wastewater streams) that could be divided into two separate

components by using evaporation technology.
1. Clean water can be reused in their processes, or discharged into wastewater

treatment plants without exceeding regulated limits. This can lower the overall
discharge cost and minimize the amount of treatment required at local wastewater
plants.
2. In many cases the concentrated sludge can be used for fertilizer, animal feed or
" other products thus reducing the amount of sludge sent to landfills and treatment

plants.

Over the last several years, C. E. ROGERS Company has researched many of these applications.
Labs testing for many of these applications have yielded very positive results. However, we can
not justify the cost for a full-scale unit, nor can we justify the cost of transporting the
wastewater to an industrial sized evaporator for testing. Our next step is to build a mobile
evaporator that can be used for testing at any wastewater site. This mobile evaporator will be
able to test wastewater at many different sites and produce results typical of a full-scale

evaporator while minimizing the cost of testing.

The Design:
The Pilot MVR (Mechanical Vapor Recompression) Evaporator is designed to test a

wastewater stream of 6 gallons/min or 7,200 gallons/day. A 400-gallon tank and pump will be
used to supply the wastewater to the evaporator. An electric steam boiler will provide the heat
energy required to start and maintain the evaporation process. Steam from the boiler is used
to transfer heat to the wastewater before entering the evaporator. A vacuum pump is provided
to lower the boiling point of the wastewater inside the evaporator, which reduces the energy
requirement. As the liquid contained in the wastewater boils, it is transformed into a gas or
vapor. The solids contained within the wastewater flow to the bottom of the evaporator were
they are pumped to a 400-gallon tank or returned to the evaporator to remove more liquid.
Meanwhile, the vapor is sent to a compressor where it is recompressed (heat energy added)
and reused as the heat source to help boil the incoming wastewater inside the evaporator.
Therefore, the compressor is.used to increase the efficiency of the. process by recovering the
heat removed from the wastewater as it boils inside the evaporator. This process continues
until all the heat energy from the vapor is depleted. When this occurs, the vapor transforms
from a gas back to a liquid in the form of condensate. This condensate liquid is nothing more
than the water removed from wastewater entering the evaporator. The condensate water is
then pumped to a 400-gallon tank or discharged depending upon the quality of the water. A
separator is used to separate the gas or vapor from the concentrated liquid (sludge). The 400-

1
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gallon tanks allow the equipment to be run for approximately 1.1 hours before the liquid needs
to be discharged from these holding tanks. All the equipment can be cleaned at the end of the
tests using a built in CIP (Clean In Place) system. The equipment and components will be
mounted in an enclosed semi trailer approximately 47 foot long, 8 foot 6inches wide, and 13
foot 6 inches high. A 350-kW/hour stand-alone diesel generator will supply the electricity
needed to operate the equipment. Any testing that is conducted during operation will be
recorded, analyzed, and used for making modifications to the pilot unit and possible future full-

scale evaporators.

C.E. Rogers Company / 1895 Frontage Road / P.O. Box 118 / Mora, MN 55051



EFFLUENT ANALYSIS COMPARISON

MORA MUNICIPAL WASTEWATER PLANT EFFLUENT

&

C. E. ROGERS EVAPORATED CONDENSATE WATER

Analysis

Mora Waste Water Effluent
(Min./Max., 4 Month Average)

C. E. Rogers Condensate Water .

from evaporation: (Single Test)

Biochemical Oxygen Demand
" pH

Phosphorus, Total
Oxygen, Dissolved

Solids, Total Suspended
Bicarbonate

Sulfate

Nitrogen, Ammonia
Nitrogen, Total Kjeldahl
Chemical Oxygen Demand
Solids, Total Dissolved -
fron

Calcium

Magnesium

Potassium

8/27/97 A\comMORAWW1.DOC

7.17 1 10.25 mg/L

6.9/7.27 SU
2.88 mg/L

7.95 mg/L

9.56 / 14.25 mg/L

2.0 mg/L
8.2 SU-
< 0.1 mg/L

6.3 mg/L
<4.0 mg/L
28.8 mg/L
28.6 mg/L
< 5.0 mg/L
4.0 mg/L
0.012 mg/L
< 0.2 mg/L
0.06 mg/L
0.18 mg/L
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MnDTED Innovative Technology Grant

City of Mora / C. E. Rogers Co.

Project Cost Cost Distribution Detail
Amount Grant Mora Match | CER Match | Hours | "@ $/hr Labor Other Exp | Total Detail

Various Stage Setups $25,000 $0 $0{ $25,000f 470 $50{ $23,500{ $1,500{ $25,000
Project Manager $40,000 $0 $0| $40,000 438 $80| $35,000 $5,000f $40,000
Project Eng. and Lab Pers. $40,000 $0 $0] $40,000] 600; $65] $39,000f $1,000{ $40,000
Report Preparation $20,000 $0 $0] $20,000 300 $65| $19,500 $500] $20,000
Trailer - MVR Evaporator $30,000 $0 $0| $30,000 60| $50 $3,000f $27,000| $30,000
MVR Evap-Engrg Design $100,000 $0 $0| $100,000] 1200 $75| $90,000{ $10,000f $100,000
MVR Wastewater Evaporator $375,000{ $375,000 $0 $0 0| $50 $0| $375,000{ $375,000
Setups-Material and Labor $40,000 $0{ $40,000 $0] 600f $50| $30,000f $10,000{ $40,000
Space and Equip Cert. Lab $40,000 $0] $40,000 $0 0] 8§75 $0| $40,000f $40,000
Plant Operator $35,000 $0| $35,000 $0] 515] $65| $33,500f $1,500] $35,000
Equipment Operator $25,000 $0| $25,000 $0] 480 $50| $24,000f $1,000] $25,000
Accounting Expenses $5,000] $5,000 $0 $0] 113| $40| $4,500 $500f $5,000
Legal Expenses $20,000f $20,000 $0 $0 152 $125| $19,000 $1,000{ $20,000
Utilities $15,000 $5,000{ $10,000 $0 0 $25 $0{ $15,000{ $15,000
Totals $810,000 $405,000 $150,000 $255,000

Match Totals $405,000 $405,000
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1 - Spilitter Box

2 - Oxidation Ditch

3 - Boat Clarifier

4 - Effluent Structure

5 - Digester

: 6 - Sludge Storage

—_ 7 -Process Building -
8 - Lab Building
)
e
-
34
A
BASIS OF DESIGN .
Design Year 2011 !
Design Population : 3,800 ’
Avenge Annual Flow . " 0.615 mgd !
Average Wet Weather Flow 1.235 mgd
Maximum Wet ' Weather Flow - 1.865 mgd
Peak Day Flow 2.070 mgd
Peak Hourly Wet Weather Flow 2715 mgd
Peak Instantancous Weather Flow " 2915 mgd
Qrganic Loading (ROD) 0day Ave Max Day
1991 Domestc : 1376 Ibs./day - 5055 lbe./day
Domestic Reserve : 173 Ibs./day 433 Ibs./day
Industrial Reserve . 101 IbsJday 152 Ibs./day
TOTAL 1650 lbs./day 5640 1be./day
1991 Domestic . 1002 Ibs./day 3008 Ibe./day
Domestic Reserve - 173 Ibs/day - 433 Ibe./day
Industrial Reserve 95 Ibs fday ' 144 Ibs.day
TOTAL 1270 Ibe./day ) 3585 Ibe./day
Efftuent Standards
Sqb o or: Limiting C .
5-day Biochemical Oxygen Demand ’ ' 25 mg/1
Total Suspended Solids © 30mg/t
314 6-9
Fecal Coliform Group Organisms :
. Organisms/100ml 200 *MPN/100ml
Dissolved Oxygen - Smg/l
Chlorine residual 0.1 mg/1

* Applicable from March 1 - October 31



